B y H . C. B a il e y H erb er t M u g g l e t o n S t a n l e y was th e g u id in g g enius b e h in d th e in v e n tio n and d ev elo p m en t of novel chem ical processes at th e fo rm er C en tral R esearch D e p a rtm e n t of th e D istillers C o m p an y L im ite d (D C L ) at E psom . H e had an u n e rrin g eye for new an d ch eap er ro u tes to m ajo r chem ical in term ed iates and to m o n o m ers for th e plastics in d u stry . O nce convinced of th e feasibility an d econom ic d esirab ility o f a p o te n tial new process he w ould steer it to a successful co n clu sio n w ith great d e te rm in a tio n .
By his q u ie t b u t in sp ira tio n al lead ersh ip he b u ilt u p a hig h ly m o tiv ated and fully in teg rate d research d e p a rtm e n t. H is success was m an ifested , even before his re tire m e n t, in w o rld w id e m ajo r p etro ch em ical p lan ts, o p eratin g processes th e in cep tio n of w hich he h ad n u rtu re d . As the P u b lic O ra to r at E x eter U n iv ersity said of h im , ' H e was one o f th e m akers of th e m o d e rn w orld. ' T h is m em o ir d escrib es successively S ta n le y 's school an d u n iv ersity years and th e n pro ceed s to a general acco u n t of th e p ro g ress of chem icals research in D C L , w ith w hich he was so in tim ately co n n ected . A fter a co m m en t on S tanley as m an and m an ag er his in d u strial career is re tu rn e d to in m o re tech n ical detail. In co n clusion, th e active life he led in re tire m e n t is o u tlin ed .
E arly years
H e rb e rt S tanley was b o rn on 20 Ju ly 1903 at W ellesb o u rn e, near S tra tfo rd on A von, in ru ral W arw ick sh ire. H is fath er, also H e rb e rt S tanley, was R eg istrar for S tra tfo rd on A von an d d istric t and his m o th er, nee M ary L ouisa Salt, was a co u rt d ressm ak er. H e had an eld er b ro th e r, w ho died at th e age of tw o, so in effect H e rb e rt S tan ley was b ro u g h t up as an only child. H is m o th e r was a very in d u strio u s and d eterm in e d w om an b u t it was n ot u n til he was six years old th a t she ta u g h t h im to 789 read and w rite. H e was sen t at th e age of eig h t to th e village school at W ellesb o u rn e and th en , in 1913, to K in g E d w ard V I G ra m m a r S chool, S h ak esp eare's old school, at S tra tfo rd on A von. T h e re he o b ta in ed a sch o larsh ip at th e en d of his first year.
W h en he was 12 he fell seriously ill w ith rh eu m a tic fever, an d fell into a com a, b u t d u rin g th e th re e m o n th s ' rest th a t aid ed his full recovery he read a great m an y of th e w orks of classic B ritish w riters su ch as S hakespeare, D ickens, S co tt and T h ac k eray . A t 16 he was h ead boy and well on his way to U n iv ersity .
T h e science m aster at S tra tfo rd G ra m m a r school was a M r R ussell and it was his en th u siasm for ch em istry th a t in sp ire d an in terest in ch em istry th a t was to becom e a lifetim e's passion. A n o th e r fo rtu n a te co n n ectio n w ith M r R ussell was su b se q u en tly d isco v ered w h en it tra n s p ire d th a t he was related to th e Jo h n so n fam ily, of H ig h g ate, B irm in g h am , w hose eldest d a u g h ter, M arjo rie, S tan ley was to m a rry in 1930 .
In 1919 he o b ta in ed a L eav in g S ch o larsh ip an d w en t u p to B irm in g h am U n iv ersity .
A c a d e m ic years
A t B irm in g h am U n iv ersity S tan ley read ch em istry , p h y sics and m ath em atics and took his B .Sc., w ith first class h o n o u rs, in 1923. W h ile a s tu d e n t he lodged w ith cousins, w ho h a p p e n e d to be n e ig h b o u rs of th e Jo h n so n fam ily. H e was th u s able to see M arjo rie Jo h n so n w h en ev er his stu d ies allow ed-n o t all th a t o ften, M rs S tan ley now recalls! H e began p o stg rad u ate research in th e C h em istry D e p a rtm e n t u n d e r P ro fesso r (later S ir G ilb e rt) M o rg an , F .R .S . on coal ta r deriv ativ es and by 1925 had already c o -a u th o re d tw o p ap ers in a series on th e syn th esis of ace n ap h th en e d eriv ativ es, p a rticu la rly th e am ino co m p o u n d s. F o r th is w ork he was aw ard ed his M .S c. H e th e n sp en t tw o years acq u irin g in d u strial experience of ap p lied coal ta r ch em istry , d o in g w ork on coal carb o n izatio n , coal ta r d istillatio n an d th e like.
H e re tu rn e d to B irm in g h am U n iv ersity in 1927, as a staff m e m b e r in a sm all g ro u p set u p u n d e r P ro fesso r A. W . N ash in th e D e p a rtm e n t of O il E n g in eerin g and R efining. T h is was really to be th e sta rt of his su b se q u e n t life's w ork in p etro c h em istry . S tan ley q uickly estab lish ed h im self in this new d e p a rtm e n t and had already by 1928 p ro d u c e d th ree p u b licatio n s. T w o of th ese p ap ers, on m e th an e co n v ersio n , have co n sid erab le relevance to th e p re se n t day, six decades on, an d it is salutary to see how m any ro u tes to m e th an e u tilizatio n w ere already b ein g critically review ed in 1928. T h u s p artial oxid atio n to fo rm ald eh y d e, pyrolysis to carb o n and h y d ro g en or to acetylene, steam refo rm in g to syngas for su b se q u e n t co n v ersio n to m eth an o l, or as a h y d ro g en source for am m onia m a n u fa ctu re, an d o lig o m erizatio n o f m eth an e to h ig h er h y d ro carb o n s w ere all co n sid ered as p o ten tial so lu tio n s to th e already p erceiv ed p ro b le m of p ro fitab ly o b v ia tin g th e w asteful flaring of m e th an e at oilfields. P ractical w ork on m e th a n e c h em istry was re p o rte d in 1929; tw o pyro ly sis ro u tes w ere stu d ie d . T h e p ro d u c ts of sh o rt-re s id e n c e -tim e pyrolysis in silica tu b e s w ere show n to be m ain ly acetylene, eth y len e and h ig h e r h y d ro c a rb o n s, an d co n d itio n s w ere so u g h t w h ereb y th e yields of each of th ese p ro d u c ts m ig h t be m ax im ized and w h ere carb o n black fo rm a tio n m ig h t be m in im ized .
T h is w ork was c h ara cterized by th e m e ticu lo u s gas analyses d o n e by S tan ley and th e p erce p tiv e co n clu sio n s d raw n fro m th e resu lts. T h o se w ho use te ch n iq u es like gas ch ro m a to g ra p h y o r m ass sp e c tro m e try to analyse com plex gas m ix tu re s in a m a tte r of m in u te s can have little ap p rec iatio n of th e care and effort re q u ire d to analyse such m ix tu res w ith th e classic B one an d W h eeler e q u ip m e n t. O ne so m etim es w o n d ered w h e th e r th e d escrip tio n physical ch em ist was n o t first ap p lied to those w ho h ad to m ove gas sam ples a b o u t th e ir a p p a ra tu s w ith a T o e p le r p u m p , o p erated by th e rep eated m an u al raising an d low ering of large reserv o irs of m e rc u ry .
D iscu ssio n of th e resu lts en d ed w ith th e o b serv atio n 'w ork of th is d escrip tio n req u ire s a careful stu d y of a fu n d a m e n ta l n a tu re , oth erw ise th e discovery of certain reactio n p ro d u c ts w ith o u t an in v estig atio n of th e ir fo rm atio n does n ot lead very f a r '. T h is w ish to u n d e rs ta n d th e u n d erly in g ch em istry was an a ttitu d e to research th a t was to ch aracterize m u c h of th e w ork for w h ich S tanley was resp o n sib le in later years.
T h e second pyrolysis p a p e r dealt w ith spark d isch arg es in m eth an e. T h e co n tro l ex erted by th e rm o d y n am ics on th e te m p e ra tu re range in w hich acetylene yields could be m ax im ized was clearly recognized. T h is p ap er en d ed w ith S ta n le y 's first m e n tio n o f m eth an e as a possible source of C 2 h y d ro carb o n s th a t m ig h t th e n be a source of eth an o l. T h is la tter topic was to becom e a m ajo r p reo cc u p atio n for h im su b seq u en tly . S ta n le y 's th ird p ap er in 1929 was his first as sole a u th o r; it was a m ajo r review of th e possibilities for using n atu ra l gas and th e olefins p re se n t in cracker gas. It was n o ted th a t p ro p y len e an d h ig h e r olefins w ere already being h y d rate d , th ro u g h th e in term ed iate use of su lp h u ric acid, to the c o rresp o n d in g alcohols b u t th a t eth y len e was less readily h y d rate d to ethanol. H e p red ic ted , how ever, th a t w ith th e g row ing availability of ethylene it w ould sh o rtly becom e a m ajo r feedstock for ethanol m a n u fa ctu re. F o r this p ap er he was aw ard ed the 1928-29 S tu d e n t's M edal and P rize of th e In stitu te of P etro leu m T ec h n o lo g ists.
In 1930 S tanley m oved on to th e topic of eth y len e p o ly m erizatio n . C ationic catalysts w ere used and p ro d u ced a liq u id p ro d u c t ra th e r th an h ig h -m o lecu lar-m ass h o m o p o ly m er; th e discovery of po ly eth y len e at IC I was to com e th ree years later. W h en alu m in iu m trich lo rid e was used as catalyst m echanistic analogies could be d raw n w ith th e F ried el C rafts reaction b u t it was n o ted th a t su lp h u ric acid gave m ainly the h y d ro g en sulphate and su lp h ate. T h is ex p erien ce of p o ly m eriza tio n an d th e first step in th e h y d ratio n o f th e low er olefins was again to com e in u sefu l later.
T h e last p u b licatio n w ith P ro fesso r N ash an d th e B irm in g h am school follow ed up the o b serv atio n th a t oils b o ilin g in th e lu b ric a tin g oil range could be m ade from e th y le n e ; how ever, th e ir o x id atio n stab ility was less than desirable.
T h is w ork w ith P ro fesso r N ash led to S ta n le y 's b eing aw ard ed his P h .D . in 1930; it also led to his s u b se q u e n t career w ith th e D istillers C om pany L im ited (D C L ).
T he D C L C e n t r a l R esearch D e p a r t m e n t a n d t h e d e v e l o p m e n t o f
H e rb e rt S ta n le y 's in d u strial career sp an n ed v irtu ally th e w hole o f th e lifetim e of th e D istillers C en tral R esearch D e p a rtm e n t at G re a t B u rg h , E psom . F o r m ost of th a t tim e S tanley h ad p rim a ry resp o n sib ility for th e invention and d ev elo p m en t of new chem icals p ro cesses; it is th e re fo re apposite at this p o in t to d escrib e briefly th e d ev elo p m en t of chem icals research and m a n u fa ctu re w ith in th e D istillers G ro u p .
In the early 1920s D C L h ad several sm all research la b o rato ries, m ainly occupied w ith th e biological co n tro l of yeast m a n u fa c tu re an d w ith problem s arising fro m th e m a n u fa ctu re and rectification of p o tab le and industrial alcohol. T h e C o m p an y o b serv ed th e g ro w in g im p o rtan ce th a t alcohols, p articu la rly eth an o l, w ere assu m in g as raw m aterials for chem icals m an u fa ctu re an d d ecid ed to e n ter th e field of chem icals m anufacture. It had am b itio n s to m a n u fa c tu re acetic acid, b o th as vin eg ar and glacial acetic acid, and to m eet th e re q u ire m e n ts of th e ho m e m a rk e t for acetone, b u tan o l and o th e r sim ilar solvents an d in te rm e d ia te s ; synthetic routes w ere to be co n sid ered as w ell as fe rm e n ta tio n p rocesses.
In 1922 an alcohol d istillery h ad been acq u ired at S alt E n d , H u ll, and by 1926 it had been decid ed to erect p la n t alongside th e distillery , for th e m anufacture of acetic acid, acetone and b u ta n o l. A t E p so m S tan ley w o rk ed in itially as a S en io r C h em ist in a sm all S y n th esis S ection h ead ed by D r W . P. Jo sh u a , e x ten d in g his B irm in g h am w ork on olefin h y d ra tio n ro u tes to eth an o l an d iso p ro p an o l. By 1932 active p re p a ra tio n s w ere b ein g m ad e in th e S y n th esis S ectio n to gain first-h a n d know ledge of th e first step in a p etro ch em icals ro u te to alcohols: th e cracking of p etro le u m to eth y len e and o th e r olefins. A d d itio n ally , in 1934, w ork on th e o x id atio n of eth y len e to eth y len e oxide began.
It becam e ap p a re n t th a t th e re w o u ld be a need to ex ten d research w ork to larger-scale stu d ies an d in 1934 D C L acq u ired a p lo t of land at T o n b rid g e , n ear th e R iver M edw ay, for p ilo t p la n t stu d ies. H ere w ork began on olefin p ro d u c tio n by cracking, alth o u g h S tan ley rem ain ed at G re a t B urgh w orking on th e m o re fu n d am e n tal aspects.
In A pril 1936 th e S y n th esis S ection beg an w ork on th e sy n th esis of styrene, and in O cto b er of th a t year p o ly m erizatio n w ork began u n d e r D r H . P. T h e p la n t becam e of n ational im p o rtan ce d u rin g th e w ar as it was th e sole source o f su p p ly of poly sty ren e for use as an electrical in su la n t in rad ar an d o th e r eq u ip m en t. S ta n le y 's c o n trib u tio n to th is w ork was to develop ro u tes to sty ren e m o n o m er of sufficient p u rity to give high m olecu lar m ass p o ly m er. H e also w orked th ro u g h the 1940s on possible ro u tes to a n o th er m o n o m er of m ajor im p o rtan ce, vinyl chloride.
In 1943 D r E yre retired , being replaced as H ead of R esearch by M ajo r D . J. B urke. S tanley an d D r H . B. H u tc h in so n w ere m ad e jo in t D e p u ty H eads of R esearch, S tan ley looking after chem icals an d H u tc h in so n , yeast and ferm e n tatio n alcohol. In A u g u st 1945 M ajo r B urke was su cceeded as H ead of R esearch by D r F. Roffey, w ho cam e to D C L as fo rm er C o n tro lle r of C h em ical R esearch and D ev elo p m en t, M in istry of S u p p ly . D r H u tc h in so n re tire d in D ecem b er and S tan ley becam e th e sole D e p u ty H ead of R esearch. B etw een 1945 an d 1947 th e R esearch D e p a rtm e n t at E p so m was greatly ex p an d e d and by th e la tte r date h ad reach ed 500 staff, 150 b ein g g rad u ates, w ith a fu rth e r 100 staff at th e p ilo t p la n t statio n at T o n b rid g e . T h e R esearch D e p a rtm e n t was now o rg an ized in to fo u r research D iv isio n s: C hem icals, P lastics, Y east and A lcohol an d Special F e r m e n tatio n s plus five service D iv is io n s : G en eral Services (analytical, etc.) E n g in eerin g , P ate n ts and In fo rm a tio n , A d m in istra tio n and T o n b rid g e P ilot P lan t.
T h e p a rtn e rsh ip of Roffey an d S tan ley w o rk ed very well as th e fo rm er dealt w ith th e org an izatio n of th e R esearch D e p a rtm e n t, an d th e la tter was free to d irect th e ch em istry . S tan ley was a very effective b u t u n e n th u sia stic a d m in istrato r.
In 1945 D C L decid ed to go into th e large-scale m a n u fa c tu re of poly(vinyl chloride) and to this en d fo rm ed a jo in t co m p an y w ith th e B. By Ju ly 1947 ag reem en t was reach ed in p rin cip le to fo rm a jo in t com pany for th e m a n u fa ctu re of p etro leu m chem icals, th e co m p an y to be called B ritish P etro leu m C hem icals L im ite d (B PC ). B PC was to change its nam e to B ritish H y d ro c a rb o n C hem icals L im ite d (B H C ) in 1956, after A IO C becam e T h e B ritish P etro leu m C o m p an y L im ite d (B P).
B P C officially cam e into existence on 14 O cto b er 1947, b u t by A u g u st a B P C W orking P arty h ad already b een set u p w ith th e rem it of choosing th e b est processes to use, tak in g into co n sid era tio n its estim ates of feedstock availability. T h e new C o m p an y w o u ld o p erate fro m a 50 acre site provisionally set aside for th e p u rp o se alongside G ra n g e m o u th R efinery, near E d in b u rg h . In itial p ro d u c tio n w o u ld be based on th e cracking of feedstock su p p lied by th e refinery to m ake low er olefins, w hich w ould th e n be u sed to m ake alcohols. In d e e d it was n o te d th a t 'T h e p ro d u c tio n of ethyl alcohol co u ld be reg ard ed as a flyw heel p ro v id in g th e necessary stead y p ro p u lsio n for th e new co m p an y . ' A t th e first m e etin g of th e W o rk in g P a rty it was m in u te d th a t 'T h e research team s w h ich w ere going to w ork on long te rm p ro jects w ould co n sist of one at S u n b u ry (A IO C 's R esearch C en tre) u n d e r D r S. F. B irch and a n o th er, p ro b ab ly at G re a t B u rg h , u n d e r D r H . M . S tanley. ' By O c to b e r S tan ley an d B irch h ad reco m m en d ed a jo in t research p ro g ra m m e w h ereb y w ork by D C L at E p so m w ould be on th e o x id atio n of h y d ro c a rb o n s (to w hich 14 staff w o uld be allocated) w hile th a t at S u n b u ry w ould cover basic h y d ro c a rb o n research , su lp h a tio n of olefins, oxo syn th esis and su lp h o n a te d p ro d u c ts, p a rtic u la rly d eterg en ts.
By M arch 1949 S tan ley was resp o n sib le for th e jo in t research p ro g ra m m e as a w hole an d ch aired a P etro ch em icals R esearch C o m m ittee c o n tro llin g th e ex p erim en tal w ork. S en io r m a n ag em e n t g u id an ce cam e fro m th e B P C D ev elo p m en t C o m m ittee, u n d e r th e c h airm an sh ip of M r R. C. H . Cox of A IO C , on w hich S tan ley sat. T h is link b etw een A IO C an d D C L was in v alu ab le to D C L 's research because of th e flow of in fo rm atio n on feedstock availability and cost.
In th e su m m e r of 1951 B P C 's G ra n g e m o u th facto ry w en t on stream , p ro d u c in g initially 25 000 to n s of iso p ro p an o l an d 35000 to n s of eth an o l a year. T h e iso p ro p an o l process, su lp h a tio n of p ro p y len e u n d e r p ressu re follow ed by hydro ly sis, was based on S ta n le y 's w ork at G re a t B urgh. E th an o l was m ade by a Shell process, d irect h y d ra tio n of eth y len e over a su p p o rte d p h o sp h o ric acid catalyst u n d e r p ressu re. T h e E p so m w ork on d irec t h y d ra tio n of eth y len e failed to arriv e at a stable catalyst and th u s a satisfactory process.
In A p ril 1950 B P C (66.7 % ) and M o n sa n to C hem icals (33.3 % ) fo rm ed a new jo in t com pan y , F o rth C hem icals, to m a n u fa c tu re sty ren e m o n o m er. T h e p la n t cam e on stream in 1953; th e process used, how ever, was M o n sa n to 's, nam ely alkylation of b en zen e w ith ethy len e, follow ed by d eh y d ro g en a tio n of ethyl b en zen e to sty ren e, ra th e r th a n th e iso p ro p y lb en z en e ro u te initially used by D C L at T o n b rid g e . D u rin g th e late 1950s, an d up u n til S tanley retired in 1967, a strin g of new p etro ch em ical processes w ere taken from b en ch to large lab o rato ry reactor scale at E psom . S tanley was n o t th e p rim ary in v e n to r of these processes b u t in m ost cases he selected th e targ et and was the sem inal force d riving th e ir d ev elo p m en t. H e was also th e creato r of th e en v iro n m en t th a t allow ed new ch em istry to be taken quickly from the initial discovery to a full-scale p la n t design.
If su b se q u en t large-scale m an u fa ctu re is taken as a criterio n of success for in d u strial chem ical research, th e n S tanley and th e E psom C en tral R esearch D e p a rtm e n t could claim five such successes: isopropanol, phenol, acetic acid, acry lo n itrile an d ch lo ro p ren e. Iso p ro p an o l, as already seen, was one of th e first tw o processes th a t lau n ch ed m a n u fa ctu re by B PC at G ra n g e m o u th ; it was also o p erated u n d e r licence in Japan.
T h e phenol process was com m ercialized jo in tly w ith th e H ercu le s P ow der C o m p an y of th e U .S .A . A t a con serv ativ e estim ate th e re are at least 15 phenol p lan ts, w orld w id e, usin g th e D C L tech n o lo g y . O ne of these plan ts was co m m issio n ed for B H C at G ra n g e m o u th in 1959, w ith an initial capacity of 13000 tons p er an n u m . 1 he largest such p lan t, P h en o lc h em ie's in th e R u h r, h ad a capacity of 100000 to n s p er an n u m . . M ajo r p lan ts for m a n u fa c tu rin g acetic acid w ere co m m issio n ed at H u ll in 1962 and 1967 w ith a total capacity of 900 0 0 to n s p er an n u m . F u rth e r p lan ts w ere b u ilt in F ran ce, Jap an and S oviet A rm en ia. D C L received a Q u e e n 's A w ard to In d u s try for th e ir acetic acid process in 1966.
A cry lo n itrile is m ade by th e D C L process in F ran ee, IVIexico and at G ra n g e m o u th , w here a B o rd er C hem icals p lan t, ow n ed jo in tly by D C L , BP and IC I, was co m m issio n ed in 1965.
M an u factu re of c h lo ro p re n e m o n o m er an d a range of p o ly c h lo ro p ren e ru b b e rs began in 1966 at G ren o b le, F ran ce, on a 20000 to n p er a n n u m scale in a p la n t o p erated by D istu g il, a co m p an y fo rm ed jo in tly by D C L (50 % ), P lastugil (25 % ) an d tw o o th e r F re n c h co m p an ies. F u r th e r p lan ts w ere b u ilt in T ex as, Jap an and S oviet A rm en ia. D C L received a Q u e e n 's A w ard to In d u s try for th is process in 1971.
T h e re w ere also several n ear m isses. A process for m ak in g acrylic acid and esters reached th e full-scale p la n t d esign stage b u t p lan s to b u ild a B o rd er C hem icals p la n t fell th ro u g h . U n io n C arb id e licensed an d used the catalyst th a t h ad been d eveloped. P rocesses w ere dev elo p ed , sim ilar to the phenol process, for m ak in g d ih y d ric p h en o ls such as reso rcin o l and h y d ro q u in o n e ; th e reso rcin o l process was licensed to H ib ern ia , G erm an y . A process for m aking b u ta d ien e by th e o x idative d eh y d ro g en a tio n of b u te n es was developed and licensed to th e C o lu m b ian C arb o n C o m p an y , U .S .A ., b u t no p la n t was b u ilt. R esearch into novel w ays of m ak in g N y lo n -6 and N y lo n -12 in term ed iates was in itia ted in 1964. T h is cam e too late to reach th e p ro d u c tio n stage d u rin g S ta n le y 's w o rk in g career b u t th e technology was u ltim ately licensed to, and used by, U b e In d u s trie s in Japan. A m ore detailed d escrip tio n of th e d ev elo p m en t of th ese p rocesses is given later in this m em o ir.
In ad d itio n to the d ev elo p m en t of these processes a g reat deal of o th e r ch em istry was ex p lo red , for exam ple ro u tes to vinyl ch lo rid e, vinyl acetate and p y rid in es w hich, w hile n o t y ield in g in -h o u se processes, gave m u ch useful k no w -h o w in dev elo p in g related successful processes, in o p eratin g technology b o u g h t in fro m o th e r co m p an ies an d in o b ta in in g b e tte r licensing term s. F u rth e rm o re , by 1966 o n e -th ird of D C L s research effort was co m m itted to th e su p p o rt of th e m ajo r successful processes, by way of p la n t design, p re p a ra tio n of process o p eratin g m anuals, p ro v id in g co m m issio n in g team s an d tro u b le sh o o tin g to s u p p o rt b o th these processes and th e o th e r chem ical m a n u fa c tu rin g activities of th e com pany.
O ne asks how all this could have been achieved w ith in one m o d estly sized research cen tre. T h e an sw er lies largely in th e q u alities of H e rb e rt S tan ley th e ch em ist, in th e e n v iro n m e n t w ith in w h ich he h ad to o p erate in D C L and in th e e n v iro n m e n t at E p so m th a t he h ad a m ajo r h a n d in creatin g .
T h e m a n a n d t h e research m a n a g er T h o u g h playing ru g b y at school and college S tan ley ap p lied h im se lf so assiduously to th e p u rs u it of ch em istry th a t little tim e was left for sp o rt, ap art, in his earlier career, fro m occasional fishing ex p ed itio n s. E ven th e n it was su sp ected th a t, safe fro m in te rru p tio n , his active m in d w ould re tu rn to th e p ro b lem s he h ad left b e h in d an d s ta rt dev isin g new m eans of reo rg an izin g h y d ro c a rb o n m olecules to m a n 's benefit. H is lifelong recreatio n s w ere archaeology an d c h u rc h arc h ite c tu re , and w h en ev er he trav elled he w ou ld alw ays stop th e car to inv estig ate a new site or b u ild in g . H e also fo u n d relax atio n in th e m u sic of his fav o u rite co m p o ser, B eethoven.
T h e years sp en t w ith P ro fesso r N ash at B irm in g h am an d his experien ce at E p so m up to th e end of th e w ar gave h im an excellent ap p rec iatio n b o th of th e fu n d am e n tals of p e tro c h e m istry an d of th e p ro b lem s and re q u ire m e n ts for co n v ertin g la b o ra to ry ch em istry in to satisfacto ry m a n u fa c tu rin g processes. In p a rtic u la r he ascrib ed D C L 's ow n early failures to develop ad eq u a te processes for eth y len e h y d ra tio n to eth an o l, and eth y len e o xid atio n to eth y len e oxide, to th e lack of a chem ical en g in eerin g in p u t.
W ith th e co n stru c tio n of a n u m b e r of oil refineries in B ritain and E u ro p e im m ed iately after th e w ar th e o p p o rtu n ity arose to create a E u ro p ea n p etro ch em icals in d u stry . S tan ley was ideally e q u ip p e d to g rasp th a t o p p o rtu n ity and to p ro m o te b o th th e in v e n tio n of novel chem ical processes and th e successful d ev elo p m en t of th o se processes to co m m ercial fru itio n .
H e rb e rt S tanley was a q u ietly spoken an d very m o d est m an w ho te n d ed to ascribe his success to th e excellence of his colleagues, m any o f w hom , of course, he had been resp o n sib le for ap p o in tin g . By th e late 1950s a very co m p reh en siv e research an d d ev elo p m en t activity h ad been b u ilt up. C hem ical engineers u n d e r D r H . W . A sh to n and M r F. J. W ilkins w orked alongside ch em ists at all stages of process d ev elo p m en t, and on th e E psom site it was possible to take a process rig h t up to full-scale p lan t design. T h e re w ere p o w erfu l physical ch em istry and analytical g ro u p s u n d e r D r G . H . T w ig g , w ho cam e into D C L because of his classic w ork w ith S ir E ric R ideal on eth y len e oxid atio n to eth y len e oxide. T h e physical chem ists p ro v id ed a fu n d am e n tal u n d e rsta n d in g of o x id atio n re a c tio n s ; in the analytical area th e th e n new tech n iq u es of in frared spectroscopy and gas ch ro m a to g rap h y w ere en co u rag ed to m ake a m ajor co n trib u tio n to new process studies. S ta n le y 's ap p reciatio n of analysis w ent back to his ow n experience of u n rav ellin g th e com plex p ro d u c t sp ectru m ob tain ed from oil cracking. T h e re w ere also vigorous p aten ts, en g in eerin g and o th e r su p p o rt activities in teractin g on th e one site w ith th e chem ists in th e research p ro jects.
In th e a u tu m n of 1948 he was elected to th e B oard of B ritish In d u s tria l S olvents, w hose m ain m a n u fa c tu rin g p la n ts w ere at H u ll an d C arsh alto n . O n 1 Jan u ary 1955 S tan ley becam e C o n tro ller of R esearch at E p so m ,
Epsom had a very free hand in deciding the research projects to undertake, but with quite a lot of advice from the commercial people. For example, the phenol work was based on a request from the man responsible for the plastics side to see what we could do to produce phenol. They were using quite a lot, a few thousand tons a year which was large for a chemical in those days. Suddenly this paper appeared in Berichte which clearly showed you could make phenol and acetone (from cumene, i.e. iso propylbenzene) and this seemed to fit very nicely.
Life was very informal in the early days at Epsom, with emphasis on actually doing a job rather than spending a large amount of time in seeking approval for it. I don't think it was any less efficient, one can have too much bureaucracy. I do know that the most exciting things in which I have been I 'm all for informality. Of course you have to have a certain am ount of order and discipline and a certain amount of paper work. Roffey introduced what really was the only formality, the yearly programme. Each project was costed and the whole added up-the money was then passed by the D C L Board. They even gave us a capital sum each year which could be carried forward. If we wanted something next year we had something in the kitty. T hat was extremely valuable; if we saved something in one year we could use it to expand our physical tools in the next year. Now, I think that was rare! We didn't have to specify in detail what capital was going to be spent on, we just presented a total-apart from buildings and the like. T he D C L Board didn't want the fine detail.
T h is q u o ta tio n typically co n tain s u n d e rsta te m e n t. S tan ley was an avid read er of th e chem ical lite ra tu re an d was very q u ick to pick u p a n y th in g th a t m ig h t be relev an t to his in d u stria l aim s. H e was also very well in fo rm ed on feedstock av ailab ility th ro u g h his co n n ec tio n s w ith A IO C / B P : he had k n o w n D r D . A. H ow es of BP b ecause th ey w ere fellow stu d e n ts at B irm in g h am . S tan ley was also very w ell in fo rm ed , th ro u g h visits and co n tacts, of in
o t u n iv ersal on th e B oard was ev id en ced at one of th e R esearch D e p a rtm e n t's an n u al C h ristm as d in n e rs w h en staff w ere tre a te d to th e h om ily 'th a t a research d e p a rm e n t is ra th e r like a b ed o f o y sters; a great m any n eed o p en in g befo re a pearl is f o u n d '.
O n e of S ta n le y 's g reat stre n g th s was ten acity . H e d id very occasionally suffer fro m self d o u b t, w hen ex tern al p ro b lem s m o u n te d b ey o n d reasonable ex p ectatio n . H e w ould th e n begin to q u estio n th e v alidity of his ow n initial co n cep t fro m w hich a p ro ject h ad been in itiated . H e also, in th e view of his m o re ju n io r colleagues, so m etim es evinced an exaggerated resp ect for th e o p in io n s of co m m ercial m an ag em en t in th e ir less courageous m o m e n ts; it m ay be th a t he gave o th e rs cre d it for know ing th e ir jo b s as well as he knew his. F o rtu n a te ly th e q u ality of his ideas and his ability to excite en th u siasm w ere such th a t th e w ork, once started , invariably d ev eloped sufficient m o m e n tu m to overcom e such setbacks.
H is tenacity was d escrib ed in his o b itu ary in The Times, of 10 Ju ly 1987, th u s : 'O ne of his ch aracteristics was th a t he k ep t w o rk in g at p ro b lem s after less gifted research ers w ould have given up, u n til he e ith er solved th e p ro b lem or was absolutely sure th e answ er d id n o t exist. ' C onversely he did n o t h esitate to stop w h at looked like u n p ro fitab le lines of research.
H e travelled extensively on the C o m p a n y 's b u sin ess and paid n u m b e rs of visits to th e F .R .G . and to F ran ce, w here p h enol, acry lo n itrile, acetic acid and ch lo ro p re n e p lan ts w ere b u ilt. O f several visits to th e U .S .A . H is colleagues alw ays fo u n d h im a very agreeable trav e llin g c o m p anion j he had a fu n d of s to n e s and was alw ays p a rtic u la rly h elp fu l to m ore ju n io r staff w ho w ere trav ellin g an d w o rk in g w ith h im .
F o r th e w hole of his m an ag em en t career he was seen reg u larly in th e laboratories. W ork th a t had reach ed a fairly definitive stage was p re se n te d to him in a sm all co n feren ce room , still in a fairly in fo rm al m a n n er. H e also had th e very p leasan t h ab it of tak in g ju n io r colleagues to lu n c h at his club n ear E psom , th e R A C C lu b , to h ear at first h an d w h at th ey felt w ere the advances in th e ir ow n field.
A lth o u g h com p letely u n p re te n tio u s he was in no sense rem o te. H e h ad a stro n g sense of h u m o u r an d his co n v ersatio n was p u n c tu a te d w ith chuckles. H e was n e ith e r u n o b se rv a n t n o r in d ifferen t to th e h u m a n scene. W h en a ju n io r m e m b er of staff fo rm ed a frien d ly , b u t n o t c o m p ro m isin g , rela tio n sh ip w ith th e wife of a m o re sen io r colleague a fellow m a n ag er rem ark ed to S tanley ' I nev er th o u g h t he was th a t so rt of m a n '. Back cam e th e reply ' M y dear X , we are all th a t so rt of m a n '.
T h e re was a very stro n g sense o f challenge an d ach iev em en t g en era ted at E psom , largely th e resu lt of S ta n le y 's exam ple. T h e re was n o t a g reat deal of m o v em en t of research staff o u t of th e R esearch D e p a rtm e n t. A few w ent off to head-office jo b s, such as p la n n in g an d licensing, an d o th e rs w ent w ith th e ir dev elo p in g p ro jects to p ilo t p lan ts, b u t th ey w ere still p a rt of th e overall R & D activity. T h is lack of m o v em en t, w hile d o u b tless rep reh en sib le in m o d e rn career d ev elo p m en t te rm s, d id lead to th e research staff at E p so m b eco m in g h ighly skilled an d k n o w led g eab le in th e ir ow n su b ject areas. P u b lic atio n was en co u rag ed , alth o u g h n atu ra lly m ost p u b licatio n s w ere in th e fo rm of p aten ts, as is clear fro m S ta n le y 's ow n b ib lio g rap h y .
In 1964 S tanley was rem o v ed fro m d irect co n tact w ith research by v irtu e of his election to th e D C L B oard. H is retro sp ec tiv e view on th is was tre n c h a n tly p u t th u s : 'T h e y m ad e m e a D ire c to r of D C L an d I sp en t m ore tim e th a n I sh o u ld fooling a b o u t in th e L o n d o n office, w hich I th in k was a d read fu l w aste of tim e and e n e rg y .' In M arch 1967, at th e age of 63 and w ith th e acq u isitio n of th e D is tille rs ' chem ical in terests by BP, he retired , alth o u g h he was retain ed by BP as a co n su lta n t for several years. N o fu rth e r new chem ical processes w ere dev elo p ed at E psom . into th e S y n th esis S ection at the D C L C en tral R esearch D e p a rtm e n t specifically to develop processes for h y d ra tin g eth y len e to eth an o l, and p ro p y len e to iso p ro p an o l. T h e y set to w ork w ith such a will th a t th ey soon fo u n d th em selv es w orking rig h t th ro u g h th e 24 h o u rs, each d o in g altern ate 10 and 12 h o u r shifts! T h is pace was alleviated by re cru itin g a th ird m e m b e r to th e team , M r J. E. Y ouell, and b o rro w in g som e sh ift w orkers fro m th e H u ll factory.
S tan ley said o f th is p erio d ' D istillers asked m e to look in to th e p racticab ility of m ak in g eth an o l. W e sta rte d by looking at th e su lp h atio n p ro cess-b u t n o t usin g hig h ly co n c e n tra te d su lp h u ric acid. W e trie d to use m o re d ilu te acid, w hich d e m an d ed h ig h e r te m p e ra tu re s and p ressu res. It w asn 't very good, it b egan to red u ce th e s u lp h u ric acid and m ake a sm elly p ro d u c t, so we ra th e r te n d e d to sw itch to look at d irec t h y d ratio n . ' I d o n 't q u ite know how th e idea of d irec t h y d ra tio n arose b u t we soon fo u n d th a t th e e q u ilib riu m was p re tty u n fav o u rab le unless you w en t up to fairly high p ressu res. D ym ock, Y ouell and I p u b lish e d a p a p e r on th e reaction e q u ilib riu m an d I th in k th is w ork, p a rtic u la rly on p ro p y len e and th e b u te n es, is still th e sta n d a rd . It is very d ifferen t d o in g a b it of academ ic w ork like th a t and dev elo p in g a process. T h e catalyst w asn 't stable, u ltim a tely th is was overcom e by th e A m e ric a n s ' (i.e. by th e Shell D ev elo p m en t C o m p an y , E m eryville). T h e in ten sity of th e w ork in th e first half of th e decade can be seen fro m th e list of p a te n ts g en erated .
V arious p h o sp h ate catalysts w ere d isco v ered th a t allow ed th e eth y len e h y d ra tio n eq u ilib riu m to be rap id ly achieved b u t th ey w ere n o t ro b u st en o u g h for process use. T h e p ro p y len e h y d ra tio n w ork was ev en tu ally exploited w ith th e b u ild in g of an iso p ro p an o l p la n t for B P C at G ra n g e m o u th in 1951.
In th e early 1930s S tanley also d ev o ted a g reat deal of tim e to w ritin g m aterial for a large A m erican book by C. E. Ellis en title d The chemistry of petroleum derivatives. In 1933 he p resen te d to th e first W o rld P etro leu m C ongress a m ajo r review of th e analysis of p etro le u m gases, dealing p articu la rly w ith th e lo w -te m p e ra tu re fractio n atio n te ch n iq u es d eveloped by P odbielniak.
By 1933 th e S y n th esis S ection, usin g S ta n le y 's ex p erien ce at B irm in g h am , had b eg u n w ork on th e th e rm al cracking of p etro leu m fractions such as gas oil. T h is quickly led to an in v estig atio n of ways of ab so rb in g and sep aratin g th e olefins, dienes an d acetylenes p ro d u c e d by pyrolysis using liq u id reagents such as eth an o lam in e and am m oniacal cu p ro u s chloride. T w o years later the uses of eth y len e oxide as an in term ed iate w ere being ex p lo red . V arious ad d itio n reactio n s w ere stu d ie d , such as th a t of w ater to fo rm eth y len e glycol, of alcohols to form glycol ethers, and of aq u eo u s am m o n ia to fo rm eth an o lam in es. T h is last reaction was S tan ley 's first re tu rn to th e ch em istry o f n itro g en derivatives since his M .S c. stu d ies at B irm in g h am .
In O cto b er 1936 th e first atte m p ts w ere m ade to m ake a p o ly m erizab le m o n o m e r: styrene. T h e ro u te chosen was th e pyrolysis of cum en e (isopropylbenzen e) in co p p er tu b es, to sty ren e, a-m e th y lsty re n e , m eth an e and hyd ro g en . T h is also req u ire d th a t a ro u te be developed for m aking cu m en e; this was satisfactorily achieved by th e alkylation of benzene w ith pro p y len e in the p resence of su lp h u ric acid. By m id -1937 D istren e 80 po ly sty ren e had been m ade (i.e. po ly m er w ith m ean m olecular m ass 80000). S tanley was n ot fu rth e r co n cern ed w ith p o ly m erizatio n aspects b u t c o n tin u e d w ork on th e p ro v isio n of p u re sty ren e m o n o m er, in p a rtic u la r finding w ays of rem o v in g a -m e th y lstyrene, w hich red u ced th e p o ly m e r's m o lecu lar m ass. As already n o te d this s ty re n e -p o ly sty re n e w ork was to c o n tin u e rig h t th ro u g h th e w ar years.
In th e p erio d 1939-41 th re e m o re to p ics w ere tak en up th a t w ere to ex p an d m ark ed ly after th e w ar: sy n th esis of p y rid in es, acro lein an d vinyl ch lo rid e m o n o m er. A cetald eh y d e was an in te rm e d ia te of obv io u s relevance to D C L w ith its in te re st in C 2 oxy g en ated c o m p o u n d s, and w ork began on m aking p y rid in e bases by co n d en sin g p arald eh y d e w ith am m onia u n d e r p re ssu re ; p y rid in e was u sed by D C L as a d e n a tu ra n t for alcohol. T h e first a tte m p te d ro u te to acrolein, itself a p o te n tially u sefu l chem ical in term ed iate, was by th e reactio n of fo rm ald eh y d e w ith acetaldehyde over a silica gel catalyst.
T h e P o ly m erisatio n S ection, u n d e r D r S tau d in g er, w ish ed to stu d y th e p o ly m erizatio n of vinyl ch lo rid e as w ell as th a t of s ty r e n e ; th is m e a n t th a t a su p p ly of m o n o m er was req u ire d . S tanley th e n dev elo p ed tw o ro u tes to vinyl chloride, one by th e ad d itio n of h y d ro g en ch lo rid e to acetylene, catalysed by m e rc u ric ch lo rid e, th e o th e r by th e d e h y d ro c h lo rin a tio n of ethylene d ich lo rid e (1 ,2 -d ich lo ro eth an e). H e n o te d th a t th ese tw o processes could usefully be co u p led , th e d eh y d ro c h lo rin a tio n p ro v id in g h y d ro g en ch lo rid e to ad d to acetylene. B oth th ese ro u tes w ere u sed for large-scale m a n u fa c tu re by D C L after th e w ar b u t w ith b o u g h t-in m o n o m er processes.
In 1943 w ork began u n d e r S tan ley an d D r T u r k on m ak in g acetic acid by a chem ical ro u te ; th a t chosen was th e s h o rt-re sid e n c e -tim e liq u idphase oxidation of acetaldehyde. T h e w ork p ro g ressed q uickly an d th e follow ing year a co p p er coil reacto r was in use, p ro d u c in g acetic acid and a n h y d rid e in 2:1 m o lar ratio. T h is o x id atio n is n o t w ith o u t its h azard s, as peroxy co m p o u n d s such as peracetic acid are reactio n in term ed iates and diacetyl pero x id e, w hich is a very sh o ck -sen sitiv e m aterial, is a possible b y -p ro d u c t. T h is w ork was taken to th e p ilo t p la n t stage at H u ll in early 1946 and by 1947 B ritish In d u s tria l S o lv en ts h ad in stalled a 10000 tons p er an n u m acetic acid -acetic an h y d rid e p la n t at H u ll, w h ich ran for m any years.
A fu rth e r sm all process developed by S tanley, for th e M in istry of S u p p ly , was th e ex tractio n of so d iu m lactate an d lactic acid fro m ferm e n tatio n liqu o rs. T h ro u g h o u t th e w ar years he also acted as G as Id en tificatio n O fficer for th e B anstead d istric t of S u rre y -a jo b in w hich his skills w ere fo rtu n ately n o t p u t to th e test! T h e years of m a jo r d iscov ery a nd process d e v e l o p m e n t (1 9 4 5 -6 7 )
Phenols and alkylbenzene oxidation
T h e year 1945 saw th e great ex pansion of th e D istillers C en tral R esearch D e p a rtm e n t org an ized by D r Roffey. In D ecem b er of th a t year H ock & L a n g 's p a p e r in Berichte on th e o x id atio n of iso p ro p y lb en zen e, w ith su b se q u e n t acid cleavage to p h en o l an d acetone, reach ed E p so m . It m u st have ap p ea red to S tan ley , w ho was looking for new ro u tes to p h en o l on b eh alf of B ritish R esin P ro d u c ts, like m a n n a fro m heaven. Is o p ro p y lb e n z e n e was a m a terial fam iliar fro m his sty ren e w ork. By Ja n u a ry 1946 tw o ch em ists, D r R. H . H all an d D r D . C. Q u in , h ad already co n firm ed H ock & L a n g 's o x id atio n resu lts, isolated h y
id atio n stu d y was b eg u n before th e jo in t research p ro g ra m m e w ith A IO C was set up.
T h e N ash and S tan ley d ic tu m of 1929 th a t com plex ch em istry could only be u n rav elled by fu n d am e n tal stu d ies was follow ed and in m id -1947 th e physical ch em ists u n d e r G . H . T w ig g and G . W . G o d in began a stu d y of th e m ech an ism of th e o x id atio n of iso p ro p y lb en zen e. A detailed d escrip tio n of th e chain reactio n s leading to th e fo rm atio n of h y d ro pero x id e and th e m in o r p ro d u cts, aceto p h en o n e an d p h en y ld im eth y lcarb in o l, was deriv ed . K in etic p aram eters w ere d e te rm in e d th a t allow ed th e rate and efficiency of o x id atio n to be accu rately defined in q u a n titativ e te rm s an d th u s an excellent basis was o b ta in ed for process design.
T h e H ercu les P o w d er C o m p an y had d ev eloped a sim ilar process for p h en o l m a n u fa ctu re in th e U .S .A ., so D istillers and H ercu les n eg o tiated a jo in t d ev elo p m en t an d licensing p ro g ram m e. T h e first p h en o l p lan t w ent into p ro d u c tio n in 1953 at th e M o n treal factory of th e S haw inigan C hem ical C om pan y . F u rth e r fu n d am e n tal m ech an istic w ork on iso p ro p y lb en z en e ox id atio n was done at E p so m in th e 1950s, on topics such as th e reta rd in g effect, by a co -o x id atio n m ech an ism , of som e of the h y d ro carb o n im p u rities p resen t in in d u strial iso p ro p y lb en zen e, b u t m o st su b se q u e n t w ork was on process su p p o rt and im p ro v em en t. A su b stan tial b ody of p aten ts p ro tec tin g th e p h en o l process was b u ilt up, to w hich S tanley co n trib u te d .
By th e end of 1966, ju s t before S tanley retired , 4 0 % of th e ph en o l m ade in th e U .S .A . and 6 0 % of th a t m ade in th e F .R .G . was com ing from th e iso p rop y lb en zen e o x id atio n process. T h is was an im aginative d ev elo p m en t because, as o th ers have d em o n strated , it is possible to have m ajor explosions if th e ch em istry of cu m en e h y d ro p ero x id e and its d eco m position is n o t fully u n d ersto o d .
Acetic acid
As we have seen, th e in terest of D C L in m a n u fa c tu rin g acetic acid w en t back to 1926. S tanley already had ex p erien ce of m ak in g th e acid by th e liq u id -p h ase oxidatio n of acetald eh y d e b u t was search in g for a ch eap er ro u te and decided to co n ce n trate on th e liq u id -p h a se o x id atio n of th e low er paraffin h y d ro carb o n s, w h ich w ere b eco m in g b o th a b u n d a n tly available and cheap. T h is w ork was p a rt of th e jo in t research p ro g ra m m e w ith A IO C .
L iq u id -p h a se o x id atio n of paraffins began in M a rc h 1950, u sin g M -heptane as a m odel. By Ja n u a ry 1951 a co lu m n reacto r was b ein g u sed to oxidize w -butane, at 180 °C and u n d e r a p re ssu re of 600 lb f in -2 gauge (ca 4.1 M P a). S ta n le y 's co n tact w ith A IO C led to th e su g g estio n th a t light n ap h th a, w hich was rich in C 5 and C 6 h y d ro c a rb o n s, w ould be b o th cheap and available, and by A p ril 1951 a fractio n called P rim a ry F lash D istillate (P F D ) had been su p p lied fro m S u n b u ry an d was b ein g o xidized.
In 1952 estim ates w ere m ad e by A IO C of th e likely cost of acetic acid m ade by th e process. T h e se estim ates looked u n p ro m isin g an d by 1953 the w ork nearly sto p p ed . A t E p so m b elief was m a in ta in e d in th e basic d esirab ility of m aking acetic acid fro m lig h t n a p h th a an d in Ja n u a ry 1955 S tanley p u t a rep o rt to th e D C L B oard show ing th e process to be econom ically attractiv e an d in d eed su g g estin g th a t if D C L d id n o t proceed w ith th e process it could lose its p o sitio n in th e acetic acid m arket. T o m ake u p for lost tim e it was reco m m en d ed th a t a large p ilo t p lan t be b u ilt and th a t a 1 0 0 0 0 -2 0 0 0 0 to ns p er a n n u m p la n t be d esig n ed w ith o u t going th ro u g h any sm aller in te rm e d ia te stage. S ta n le y 's discussions w ith A IO C estab lish ed th a t w -butane, fro m w h ich C elanese C o rp o ratio n w ere dev elo p in g a sim ilar acetic acid process in th e U .S .A ., w ould not be available at a su itab le p rice in B ritain , w hereas P F D w ould.
A ccordingly an E p so m team , h ead ed by D r A. F. M illid g e, re -s ta rte d w ork on P F D ox id ation, solely as a D C L p ro ject, and by O c to b e r 1955 a typical oxidation w ith recycle, ru n n in g at 180 °C an d 300 lb f in 2 gauge (ca. 2.1 M P a) was p ro d u c in g a 7 7 % w eig h t yield of acids co m p risin g ab o u t 1 4 .7 % form ic, 7 7 .8 % acetic, 6 .6 % p ro p io n ic an d 0 .9 % b u ty ric acids. A pilot p lan t was set u p at T o n b rid g e , an d th e first fu ll-scale p la n t w ent on stream at H u ll in 1962. P ro b lem s of dealing w ith th e p o te n tially very corrosive m ixed acids w ere o v e rc o m e ; S tan ley said of th is ' I m u st say th a t n o t only th e factory staff b u t th e C o m p a n y 's en g in eerin g staff in L o n d o n did a very fine jo b , in a very difficult and com plex te c h n o lo g y '.
A c r o l e i n, acrylonitrile and acrylates
W e have seen th a t in terest in acrolein as a chem ical in te rm e d ia te was developed at E psom d u rin g the w ar years. U n til 1945 th e ro u te used was the catalytic gas-phase co n d en satio n of fo rm ald eh y d e and acetald eh y d e.
H ow ever, S tanley was looking for m o re w ays in w h ich p ro p y len e , fro m cracker p lan ts, m ig h t be u sed an d in M a rc h 1946 an A m erican p a te n t lead was follow ed up , w h ich sh o w ed th a t p ro p y len e co u ld be o x id ized in a gasphase h etero g en eo u s cataly tic reactio n over silver se le n ite -c u p ric oxide. G o o d yields of acro lein w ere o b ta in ed by th is ro u te at E p so m b u t it was ev en tu ally given u p becau se of volatile losses of selen iu m co m p o u n d s. F in ally in 1959 a n tim o n y o x id e -tin oxide cataly sts w ere d isco v ered at E p so m th a t gave accep tab le yields of acrolein, an d a p la n t u sin g th is tech n o lo g y was b u ilt by U g ilo r in F ran ce.
As early as M arch 1948 a tte m p ts w ere m ad e at E p so m to fu rth e r co n v ert acrolein, th ro u g h reactio n w ith oxygen an d am m o n ia, to th e m o n o m er acry lo n itrile. By 1950 th ese reactan ts, w hen p assed over various m etal m o ly b d ates, w ere y ield in g a b o u t 12 % acry lo n itrile. S tan ley was c o -a u th o r of a p a te n t on th is to p ic an d began to feel th a t th e re co u ld be catalysts th a t w o u ld facilitate th e d irec t sy n th esis o f acry lo n itrile fro m p ro p y len e, am m o n ia an d oxygen ra th e r th a n g oing in tw o stages, first to acrolein, th e n to acry lo n itrile. H e th o u g h t th a t acro lein m ig h t fo rm an im ine in te rm e d ia te th a t w o u ld th e n oxidize to a c ry lo n itrile :
T h e d irec t sin g le-stag e ro u te was trie d in late 1952 b u t th e yields of acry lo n itrile w ere p o o rer th a n th o se o b ta in ed in th e tw o -stag e reactio n . In th e follow ing years stab le catalysts w ere fo u n d for m ak in g acry lo n itrile in th e second reactio n stage, fro m acrolein, b u t little p ro g ress was m ade in achieving th e sin g le-stag e reactio n . S tan ley was stu n g w h en , in Ja n u a ry 1959, an A m erican p a te n t to S ta n d a rd O il of O hio (S O H IO ) was fo u n d , filed in 1957, w hich d escrib e d p ro p y len e o x id atio n to acro lein over a b is m u th p h o sp h o m o ly b d a te catalyst, w hich was already k now n to co n v ert acrolein and am m o n ia to acry lo n itrile. A sin g le-stag e process was clearly possible and was sh o rtly disclosed by S O H IO .
A fter th re e m o n th s of in ten siv e w ork at E p so m by a team led by M r D . J. H adley , th e an tim o n y -tin oxide fam ily of catalysts was discovered, w hich h ad sim ilar reactiv ity to S O H I O 's catalysts. T h e nam e ' am m o x id atio n ' was co in ed by H ad ley for th is ty p e of reactio n , and n u m e ro u s o th e r exam ples w ere ex p lo red , for exam ple, m ak in g aro m atic n itriles by th e general reaction R C H 3 + N H 3 4-1 0 2-----► R C N + 3 H 20 .
S O H IO used th e ir catalyst in a flu id ized -b ed reactor, D C L used a fixed-bed configuration. O ver th e years m any m o re p lan ts w ere b u ilt w ith the use of S O H IO ra th e r th a n D C L tech n o lo g y and S tanley always felt th a t full success had n arro w ly elu d ed him b u t p h ilo sophically observed 'T h e D C L process was n o t such a success as it o u g h t to have b e e n ; th e re is always an elem en t of luck, p articu la rly in selecting solid catalysts. ' A crylic acid and th e esters d eriv ed fro m it are also valuable m o n o m ers, now used in very large to nnages. T h e a tte m p ts to m ake acrylic acid in a o n e-stag e ox id atio n of p ro p y len e, over h etero g en eo u s catalysts, follow ed a sim ilar course to those of achieving a sin g le-stag e ro u te to acry lo n itrile. C atalysts w ere disco v ered at E p so m for th e g as-p h ase o x id atio n of acrolein to acrylic acid as early as 1950 b u t th e d irec t reactio n was only fully achieved in early 1960. A n a n tim o n y -v a n a d iu m oxide fam ily of catalysts was am on g th o se fo u n d to be very effective.
806
Biographical Memoirs
Chloroprene
In th e interview S tan ley gave in re tire m e n t he said 'W e w ere in fo rm ed by o u r b u sin ess people th a t ch lo ro p re n e was an extrem ely useful ru b b e rp ro d u c in g m o n o m er and th a t D u P o n t w ere th e big p ro d u c e rs b u t th a t th e re was room for a E u ro p ea n p ro d u cer. ' By th e 1950s D C L h ad access to C 4 h y d ro carb o n s fro m G ra n g e m o u th and was already in volved in th e m a n u fa c tu re of a c h lo rin e-co n tain in g m o n o m er, vinyl ch lo rid e. T h e la tte r was th e n bein g m ad e by th e ad d itio n of h y d ro g en ch lo rid e to acety len e; it th e re fo re m ad e sense to co n sid er c h lo rin atin g C 4 h y d ro carb o n s to c h lo ro -c o m p o u n d s th a t m ig h t d e h y d ro c h lo rin a te efficiently to yield c h lo ro p re n e, w ith tran sfer of th e reco v ered h y d ro g en ch lo rid e to vinyl ch lo rid e m a n u fa ctu re.
A ccordingly, in A p ril 1955, S tan ley in itia ted a p ro g ram m e of c h lo rin a tio n -d e h y d ro c h lo rin a tio n ex p erim en ts, sta rtin g w ith b u ten es. A lth o u g h 2 ,2 ,3 -tric h lo ro b u ta n e could in d eed be d e h y d ro c h lc rin a te d to c h lo ro p re n e, b o th th e ch lo rin atio n an d d eh y d ro c h lo rin a tio n step s w ere m essy. T o w a rd s th e en d of th e year it becam e a p p a re n t th a t b u ta d ie n e w ould soon becom e available by ex tractio n fro m th e C 4 stream of steam cracker p la n ts and th a t it w ould p o ten tially give th e ch eap est p o ssible ro u te to ch lo ro p re n e.
T h e ro u te th a t was finally ad o p ted was as follow s: A gain BP was sceptical a b o u t th e co m m ercial v iab ility o f th e process b u t S tanley was co n v in ced of the m e rits of th is new ro u te to ch lo ro p re n e co m p ared w ith th e fo rm er h azard o u s m e th o d of ad d in g h y d ro g en ch lo rid e to vinyl acetylene m ad e fro m acetylene. D C L w en t ahead w ith co m m ercializin g th e process on its ow n an d it has in fact been h ighly successful. T h e first p la n t, D is tu g il's, was b u ilt in F ran ce to serve the E E C m a rk e t as in 1966 th e B ritish m a rk e t was too sm all to su p p o rt a p la n t of viable scale. P erh ap s som e of th e m o st ingenious ch em istry d ev eloped at E p so m cam e d u rin g S ta n le y 's last years w ith D C L . A cry lo n itrile had in a sense in tro d u c e d D C L to th e artificial fibres m a rk e t; it th e re fo re seem ed a logical extension to seek ro u tes to n y lo n p recu rso rs.
In S e p te m b e r 1964 a tte m p ts began to m ake cap ro lactam or cap rolactone for use in N y lo n -6 m a n u fa ctu re.
A team was set up u n d e r D r E. G . E. H aw kins, an ex p ert in p ero x id e ch em istry . T h e startin g p o in t was a look at recen tly p u b lish e d ch em istry on th e catalysed o x id atio n by h y d ro g en p ero x id e of cyclohexylam ine to cyclohexanone oxim e. A n a tte m p t was m ade to m ake th e am ine in , from cyclohexanone and am m onia, and oxidize it straig h t th ro u g h to the oxim e. It was quickly fo u n d th a t m ix tu res of cyclohexanone and h y d ro g en pero x id e w hen m ixed w ith am m o n ia in alcoholic so lu tio n p ro d u ced in high yield an u n k n o w n co m p o u n d .
T h e analysts show ed th is to be 1 ,L -p ero x y cy clo h ex y lam in e, and H aw kins w ent on to p rep are n u m b e rs of these novel peroxy am ines and explore th e ir p ro p erties. T h e above co m p o u n d could be cleaved w ith base to caprolactam and cyclohexanone, giving a p o ten tial ro u te to design. 
N ylon intermediates

Publications and honours
P ate n ts co n tin u ed to be p u b lish e d th ro u g h th e 1960s alth o u g h in sm aller n u m b e rs as S tanley becam e m o re involved w ith research strateg y . H e also c o n tin u e d to w rite in th e o p en lite ra tu re , m ain ly in th e fo rm of p u b lish e d lectures on th e statu s of th e p e tro le u m chem icals in d u s try and on th a t in d u stry as a source of m aterials for th e plastics in d u stry . In 1965 he was th e S ociety of C h em ical In d u s tr y 's C astn e r M ed allist an d S ev en th C astn e r M em o rial L e c tu r e r : H is lectu re, en title d ' S om e ach iev em en ts in p etro leu m c h e m ic a ls ', review ed th e g ro w th of th e in d u stry fro m its in cep tio n in th e U n ite d S tates in th e 1920s to th e size it h ad reach ed by 1964 w hen m ore th a n five m illio n to n s of eth y len e and th re e m illio n to n s of p ro p y len e w ere used in w o rld -w id e chem icals p ro d u c tio n .
H e p red ic ted th e co n tin u in g d o m in an ce of eth y len e as a p etro c h em ical raw m aterial and was sceptical th a t acetylene w o u ld replace it; tw o decades later little has h a p p en e d to change th a t view . H e also ex p ressed confidence th a t m ajo r advances w ere still to be m ad e in gain in g g reater reaction selectivity, p articu la rly in h etero g en eo u s cataly tic g as-p h ase reactions, and th a t th e re fo re o u r basic know ledge of catalytic m ech an ism s needed to be su b stan tially ex ten d ed .
H e served as ch airm an of th e H eavy O rg an ic C hem icals G ro u p of th e Society of C hem ical In d u s try in 1964-65, was a F ellow o f th e Royal In s titu te of C h em istry and was a m e m b e r of T h e C h em ical S ociety, th e A m erican C hem ical S ociety and th e In s titu te of P etro leu m .
In M arch 1966 S tan ley was elected a F ellow of th e R oyal S ociety 'for the discovery and ap p licatio n of new chem ical processes for th e sy n th esis of in d u strially im p o rta n t c o m p o u n d s ', a fitting reco g n itio n o f his rem ark ab le c o n trib u tio n to ch em istry in th e in tern atio n al p etro ch em icals in d u stry .
R e t ir e m e n t
In re tire m e n t S tanley rem ain ed active in th e w orld of science and education. H e served on th e C ouncil of th e R oyal S ociety in 1967-68, on th e C hem ical E d u catio n C o m m ittee from 1967 to 1970 and on th e S cientific R elief C o m m itte e fro m 1969 to 1974. H e was a C o u n cil M e m b e r of th e U n iv e rsity o f E x eter fro m 1967 to 1973 and an h o n o rary D o c to ra te of Science was c o n ferred on h im by th a t U n iv ersity in Ju n e 1974. H is last p u b lish e d w ork was a su b sta n tia l c h a p te r, e n title d ' H isto ry of p ro p y len e and its in d u stria l d e riv a tiv e s ', in a book ed ited by E. D . H an co ck on th e in d u stria l ch em istry of p ro p y len e.
In 1964, befo re his re tire m e n t in M a rc h 1967, S tan ley m oved to D ev o n , to a p ic tu re sq u e th a tc h e d farm h o u se n ear C re d ito n , to be n ear D a rtm o o r. H is g reat affinity for th e m o o r began w hile p o n y trek k in g on holid ay as a y oun g m an . H e h ad an av ersio n to to w n s and cro w d s an d it seem s he fo u n d th a t his ow n in n e r stre n g th s -c o n te n tm e n t w ith his ow n co m p an y , fitness an d reso lu tio n -w ere all reflected in th e ch a ra c te r of th e m oor. In 1968 he p u rc h a se d a sm all farm in a b eau tifu l valley in m id -D ev o n , w hich he farm ed in p a rtn e rsh ip w ith his y o u n g est son. H e k ep t fit by w alking and was a keen g ard en e r, m a in ta in in g a p ro d u c tiv e k itch en g ard en u n til his 80th year.
H e had a very active re tire m e n t an d trav elled w idely, to M a u ritiu s, Italy , G e rm a n y , S w itze rlan d and H e is survived by his wife, M arjo rie, th e ir fo u r ch ild ren , seven g ra n d c h ild re n and tw o g reat g ran d ch ild ren .
A c k n o w l e d g e m e n t s T h e assistance of a n u m b e r of c o n trib u to rs to this m em o ir is gratefu lly acknow ledged. M rs M arjo rie S tanley and h er so n -in -law M r P eter Ffitch kindly sent personal in fo rm atio n relatin g to D r S ta n le y 's y o u th and retirem e n t. M r J. H . D. H o o p er, of th e BP H isto ry U n it, p ro v id ed a tra n s c rip t of th e interview given h im by D r S tanley and m u ch archive m aterial. Several colleagues from th e fo rm er D istillers C en tral R esearch
